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TJ. Crow -  Schizophrenia as dominance failure Viewpoint
d ev ia tio n s  in  th e  in te rp r e ta t io n  a n d  o rg a n iz a tio n  o f 
speech . In  a n u m b e r  o f s tu d ie s , fa ilu res  in  lin g u is tic  
p ro cessin g  h a v e  b e e n  d e m o n s tra te d  a t th e  levels of 
sem an tic , sy n ta c tic  a n d  d isco u rse  s tru c tu re . S ch izo ­
p h re n ia , a c o n d i t io n  w h ic h  a p p a re n tly  o ccu rs  in  all 
societies w ith  a p p ro x im a te ly  th e  sam e  in c id e n c e , m ay  
best b e  u n d e rs to o d  as a n  a n o m a ly  o f th e  fu n c t io n  
w h ich  is m o s t  c h a ra c te r is tic a lly  h u m a n  -  lan g u a g e .
Selected references
1 Jablensky, A. e t  al. (1992) Psychol, Mecí. Suppl. 20, 1-97
2 Crow, T.J. (1994) Carr. Opin. Psychiatry 7, 39-42
3 Zerbin-Rudin, E. (1972) Int. J. Ment. Health 1, 42-62
4 Gottesman, I.I. (1991) Schizophrenia Genesis; the Origins of 
Madness, W.H. Freeman
5 Torrey, E.F. e t al. (1994) Schizophrenia and Manic-Depressive 
Disorder, Basic Boolis
6 Edelman, G.M. (1987) Neural Darwinism. The Theory of Neuronal 
Group Selection, Basic Books
7 MacSorley, K, (1964) Ann. Hum. Gen. London 27, 247-256
8 Crow, TJ. (1993) Lancet 342, 594-598
9 Crow, T.J. (1995) Br. /. Psychiatry 167, 12-25
10 Johnstone, E.C. e t al, (1976) Lancet n, 924-926
11 Daniel, D.G. e t al. (1991) Biol Psychiatry 30, 886-903
12 Brown, R. et al. (1986) Arch. Gen. Psychiatry 43, 36-42
13 Pakkenberg, B. (1987) Br. J. Psychiatry 151, 744-752
14 Bruton, C.J. et al. (1990) Psychol. Med. 20, 285-304
15 Zipursky, R.B. e t al. (1992) Arch. Gen. Psychiatry 49, 195-205
16 Harvey, 1, e t  al. (1993) Psychol. Med. 23, 591-604
17 Roberts, G.W. et al. (1987) Biol. Psychiatry 22, 1459-1468
Î8 DeLisi, L.E. (1995) in Critical Issues in the Treatment o f  
Schizophrenia (Brunello, N., Racagni, G., Langer, S.Z. and 
Mendlewicz, J., eds), pp. 48-54, International Academy for 
Biomedical and Drug Research
19 Crow, T.J. et al. (1989) Arch. Gen. Psychiatry 46, 1145-1150
20 Crow, T.J. (1990) Schizoph. Bull. 16, 433-443
21 Bilder, R.M. et a l  (1994) Am. J. Psychiatry 151, 1437-1447
22 Calvert, G. and Crow, T.J. (1995) Schizophr. Mon, 5, 1-4
23 Eberstaller, O. (1884) Wien. Med. BUit. 7, 479-482
24 Geschwind, N. and Levitsky, W. (1968) Science 161, 186-187
25 Falkai, P. e t  al. (1992) Schizophr. Res. 7, 23-32
26 Crow, T.J. e t al. (1992) Schizophr. Res, 6, 152-153
27 DeLisi, L.E. e t al. Schizophr. Bull, (in press)
28 Crow, TJ. et al, (1989) Psychiatry Res. 29, 247-253
29 Reveley, M.A., Reveley, A.M. and Baldy, R. (1987) Arch, Gen. 
Psychiatry 44, 625-632
30 Daniel, D.G. e t al. (1989) Schizophr, Res. 2, 465-472
31 Rossi, A. et al. (1990) Biol, Psychiatry 27, 61-68
32 Bogerts, B. e t al. (1990) Psychiatr. Res. Neuroimag. 35, 1-13
33 Suddath, R.L. et al. (1990; New Engl. f. Med. 322, 789-794
34 Rossi, A. et a l  (1992) Schizophr. Res. 7, 19-22
35 Falkai, P. et al. (1995) Schizophr, Res, 14, 161-176
36 Petty, R.G. et a l  (1995) Am. f. Psychiatry 152, 715-721
37 Zaidel, D.W., Esiri, M.M. and Harrison, PJ. (1997) Psychol. 
Med. 27, 703-713
38 Kulynych, J.J. e t  al. (1995) Br. /, Psychiatry 166, 742-749
39 Bartley, A.J. e t al. (1993) Biol. Psychiatry 34, 853-863
40 Crow, T.J. (1995) in Schizophrenia: An Integrated View. Alfred 
Benzon Symposium 38 (Fog, R. and Gerlach, J., eds), pp. 15-25, 
Munksgaard
41 Corballis, M.C. (1991) The Lop-sided Ape: Evolution o f the 
Generative Mind, Oxford University Press
42 Sacker, A. e t  ah (1995) Br. j. Psychiatry 166, 734-741
43 Blanchard, JJ. and Neale, J.M. (1994) Am. J. Psychiatry 151,
40-48
44 Foundas, A.L., Leonard, C.M. and Heilman, K.M. (1995) Arch, 
Neurol, 52, 501-508
45 David, A.S. (1993) /. Abnorm. Psychol. 102, 573-579
46 An nett, M, (1995) Curr. Psychol. Cognition 14, 427-480
47 Crow, T.J., Crow, L.R. and Done, D.J. (1996) Schizophr. Res. 18, 
93
48 Taylor, P.J. (1987) in Biological Perspectives in Schizophrenia 
(Heimchen, H. and Henn, F.A., eds), pp. 213-236, J. Wiley
49 Nelson, L.D. e t a l  (1993)/. Clin. Exp. NeiiropsychoL I S,. 149-158
50 Green, M.F. et al. (1989) ]. A lm orni. Psychol. 98, 57-61
51 Manoach, D.S. (1994) /. Clin. Exp. NeiiropsychoL 16, 2-14
52 Grosh, E.S., Docherty, N.M. and Wexler, B.E. (1995) Schizophr. 
Res. 14, 155-160
53 Ragland, J.D. e t  al, (1992) Schizophr. Res. 7, 177-183
54 Walker, E, and McGuire, M. (1982) Psychol. Bull 92, 701-725
55 Strauss, E,, Gaddes, W. and Wada, J. (1987) Neuropsychologia
25, 747-753
56 Crow, T.J., Done, D.J. and Sacker, A. (1995) Eur. Arch. 
Psychiatry Clin. Ne tiro sci. 245, 61-69
57 Crow, T.J., Done, D.J. and Sacker, A. (1996) Schizophr: Res, 22, 
181-185
58 Anand, A. e t a l  (1994) ƒ. Nerv. Ment, Dis. 182, 488-493
59 Chaika, E, (1990) in Understanding Psychotic Speech: Beyond Freiui 
and Chomsky (Thomas, C.C., ed.), Springfield
60 Morice, R.D. and Ingram, J.C.L. (1983) Psychiatry Res. 9, 
233-242
61 King, K. e t a l  (1990) Br. J. Psychiatry 156, 211-215
62 Crow, T.J. (1995) Arch. Gen. Psychiatry 52, 1011-1014
63 Frith, C.D. e t a l  (1995) Br. }. Psychiatry 167, 343-349
64 Bickerton, D. (1995) Language and Human Behavior, University 
of Washington
65 Maccoby, E.E. and Jacklin, C.N. (1975) The Psychology o f Sex 
Differences, Oxford University Press
66 Bear, D.M. e t al. (1986) Arch. Neurol. 43, 598-603
67 Corballis, M.C. e t  a l  (1996) Am. [. Med. Genet. (Neuropsychiatrie 
Genet) 67, 50-52
Acknowledgements 
I am grate fid to 
S.D. Iversen and 
G. Calvert for their 
helpfid advice and 
suggestions in the 
preparation of this 
paper.
L E T T E R S  TO T H E  E D I T O R
• «/ \  ,(* > f %A . . . * #  ,  a ,  i  , s .  v  ^  .  ,  ,  s 1 '  .  .  •  ,  f  .  v  ,  ,  ,  *  » ,  r  f i r  p * ,  ^  t  • *  ,  i  t  ,  , ,  i  ,  •  * *  « i  ,^  S «  t  t  t  V .  ** s .  k  » ,  . A  ►. ■ S . *  i * .  C Ç  !, " •  .* • * , ,  *  »S  y , '  }  \  • / • i> w  ‘  <-» 1  ,  ?  (  K  '  <
How should brain nuclei be 
delineated? They don't need to be!
Gahr1 reviewed three common methods 
to delineate brain areas ¡n tissue sections: 
the cytoarchitectural, the connectional 
and cytochemical delineation. He fo­
cussed on the HVC (higher vocal center) 
nucleus of songbirds. He showed that 
the cytoarchitectural, cytochemical and 
projection properties of the same HVC 
brain area change independently both 
during development and in adulthood, 
and concluded that a combination of the 
three delineation methods may give 
new insights into neural plasticity and 
the dynamics of brain parcelation in
general.
Insight into neural plasticity, however, 
does not depend on delineation of brain 
areas, but on estimation of total neuron 
numbers and glial cells. Total cell numbers 
of any brain nucleus with circumscript 
boundaries can be easily determined by 
multiplying the mean neuronal density with 
the volume of the nucleus2"6. The nucleus 
volume can be estimated by Cavalier Ps 
principle7: multiply the sum of the cross- 
sectional areas of equidistant sections 
throughout the whole extent of the 
nucleus with the intersection distance. 
When more than ten sections are inves­
tigated and more than 100 cells are sam­
pled the coefficient of error of the volume 
is less than 5%, which is negligible to the 
coefficient of variation of the group 
mean8,9. Unfortunately, in Gahr’s review1 
no statement on total neuron number or 
total volume of the HVC nucleus has (or 
could have?) been made.
Delineation of brain structures with 
indistinct boundaries, however, such as 
the human basal nucleus of Meynert is 
impossible and, consequently, so is the 
volume, but total neuron numbers can still 
be estimated in normal controls and in dis­
ease10 by using a systematic sampling de­
sign also known as the fractionator2,3,6,11. 
Again, the coefficient of error of the esti­
mate is below 5% (Refs 10,11).
Techniques such as CavallerFs principle 
and the fractionator form part of a set of 
tools for obtaining quantitative information 
about three-dimensional structures, based
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on observations made on two-dimensional 
tissue sections2' 7. This integrated set of 
precise tools is cailed stereology and may 
measure volume, area, length and number 
of arbitrarily shaped, sized and orientated 
particles in an efficient and unbiased man­
ner. ‘Particles’ means anything that can be 
unambiguously identified from the set of 
profiles produced by a section through 
them, for example, fibers, somata, nuclei, 
nucleoli, synapses, receptors, ‘Efficient’ 
means ‘with a low variability after spending 
a moderate amount of time’ and ‘unbiased’ 
means ‘without systematic deviation of the 
true value’2'3,8,9. When, as in the cyto- 
architectural Nissl delineation of the HVC 
nucleus, the boundaries are defined on a 
fluctuating cell-size criterion, one may not 
interpret this phenomenon as 'dynamics of 
brain parcelation’1. Instead, one should stop 
delineating, as the self-evident require­
ment of unambiguous identification of the 
cells of interest is not fulfilled any longer.
It can not be stressed enough that 
anyone who is involved in quantitative 
neuroscience should be aware of the pow­
erful tools of stereology. Only then will 
true insight into neurobiologie processes, 
neural plasticity and clinicopathologic 
correlations emerge.
Oscar Vogels
Dept of Neurology, 
University Hospital Nijmegen, 
PO Box 9101, Nijmegen 6500 HB,
The Netherlands.
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In a thoughtful review, Gahr discusses the 
limitations of relying on Nissl stains when 
attempting to define brain nuclear bound­
aries for volume estimations'. Nissl stains do 
indeed reflect cell activity, but are widely 
used to delimit brain structures. Therefore 
it is important to be reminded that activity 
and structure do not always co-vary. Gahr 
illustrates this from his own work on the
canary (Ser/nus canaria) song system, where 
he reported that the boundaries of the 
vocal control nucleus HVC (higher vocal 
center), that change seasonally when de­
fined based on Nissl stains, do not appear 
to change when they are defined based on 
cells expressing im mu no reactive estrogen 
receptors, or based on cells within HVC 
that project to another nucleus, area X. 
Since the publication of Gahr’s influential 
paper on this issue in 1990, at least seven 
studies2"3, from four different laboratories, 
concerning adult songbirds of three differ­
ent species have compared the boundaries 
of HVC and other song nuclei using multiple 
measures to delineate nuclear boundaries 
(for example, neurotransmitter and hor­
mone receptor autoradiography3-5, pep­
tide immunohistochemistry7,8, tract-tracing 
methods2,3,9 and enzyme stains9). These stud­
ies have compared males and females4,5,7,8 as 
well as male birds in different hormonal3, 
photoperiodic6,9 and seasonal conditions2. 
All of them, with one exception2, have 
found congruence between boundaries 
defined by Nissl stains and other markers.
Gahr1 also suggests that there is a dis­
agreement about the boundaries of sexually 
dimorphic nuclei in the preoptic region of 
Japanese quail (Coturnix coturnix japónica). 
In actuality, these disagreements are re­
lated to nomenclature issues, not issues of 
boundary delineation. A variety of histo- 
chemical markers have been identified that 
define the boundaries of the sexually di­
morphic preoptic medial nucleus in a way 
that agrees with Nissl stains10. In the case 
of immunoreactive aromatase, volume 
reconstructions have been completed that 
reflect sex differences and testosterone- 
induced changes in concordance with stud­
ies based on Nissl-defined boundaries1’. 
We agree with the main premise of Gahr's 
paper, that measuring nuclear boundaries 
with various histological markers is informa­
tive. However, we should like to stress that 
studies of the avian brain by a variety of 
investigators have clearly established that 
nuclear boundaries based on Nissl stains 
generally parcel the brain in a manner that 
is in agreement with other histological char­
acterizations. Dr Franz Nissl provided us 
with a widely used method over 100 years 
ago that will continue to be useful for the 
identification of changes in brain functioning.
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Gahr states that the borders of brain 
nuclei should be delineated using a combi­
nation of different methods, since different 
methods might provide a different judge­
ment of where the borders of a nucleus 
lie1. Although we are in agreement with 
this basic thesis, we disagree strongly with 
Gahr's claim that delineation of the telen- 
cephalic nucleus HVC (higher vocal cen­
ter) in songbirds changes depending on 
whether cytoarchitectural, cytochemical 
or projection properties of HVC neurons 
are used as the criterion for judging the 
borders of this nucleus. We and others 
have demonstrated that HVC clearly 
changes volume as a function of season 
or hormone treatment, regardless of 
whether the borders of HVC are judged 
by the distribution of Nissl-stained neur­
ons, estrogen- or androgen-accumulating 
cells, neuropeptide expression, neurotrans­
mitter enzymes and receptors, or pro­
jection neurons within HVC (Refs 2-8). 
Thus, although Gahr stresses that Nissl 
staining can give a different picture of the 
borders of HVC relative to these other 
methods based on his own work, he does 
not cite the numerous studies that have 
failed to replicate this result.
Altnough the borders of HVC are 
apparently not different for different stain­
ing criteria, the borders of another song- 
control nucleus are. Once again, however, 
relevant papers are not cited by Gahr. 
Thalamic inputs to the telencephalic song- 
control nucleus IMAN (lateral magnocellu- 
lar nucleus of the anterior neostriatum) 
define a region different from what we 
(and others) had originally delineated as 
the borders of this nucleus based on Nissl 
criteria9. However, the original finding that 
IMAN undergoes substantial regression 
was supported by the demonstration that
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